Introduction
Energy supply is one of the leading causes of greenhouse gas emission (Pachauri & Reisinger, 2007) . Wind turbines have a low power production carbon footprint, and it has been suggested that by 2030, half of the worldwide power demand could theoretically be covered by wind energy (Jacobson & Archer, 2012) . One challenge for wind turbine implementation is social acceptance. For example in the UK, 63% are in favour of wind turbines, 28% show balanced views, 5% oppose and 4% do not know (Kondili & Kaldellis, 2012) . Thus, technically sound wind energy projects may fail because of residential opposition. The visual impact of wind turbines on the landscape plays a significant role in attitudes towards this technology (Wolsink, 2000) . A recent review (Knopper et al., 2014) concluded that "when sited properly, wind turbines are not related to adverse health effects", but that subjective reports of detrimental health impact have more to do with "visual cues and attitudes". This conclusion is supported by the findings that visual aspects can influence the perception of noise from wind turbines and that when turbines are located 'out of sight' they are more acceptable (Jones & Eiser, 2010) . Similarly, De Vries, de Groot & Boers (2012) found that participants generally perceived wind turbines as negative man-made structures and that closeness to turbines and landscape beauty influenced the perceived impact, and Pedersen and Persson (2007) suggest a link between perception of turbines as 'ugly' and annoyance. This may be because turbines reduced the restorative attributes of landscape images (Chang et al., 2008) .
Indeed, wind turbines have been shown to reduce tranquillity as shown by the relatively low ratings given by jury members' evaluations of a 50m high installation (Watts and Pheasant, 2013) . The current study extends this research by focusing on the emotional domain and analysing psychophysiological reactions to wind turbines using photo manipulated pictures.
When it comes to judging the visual impact of wind turbines, supporters and opponents pay attention to different details. While supporters focus on benefits, such as environmental values, opponents mostly see the negative effects, for example a "disharmony" with the landscape (Krohn & Damborg, 1999 ). Anger and surprise, which may characterise opponents (Cass & Walker, 2009) , are associated with bodily reactions (Jasper, 1998) . These emotional reactions are mostly manifested as increased activation of the sympathetic nervous system; a system that predominantly responds to sudden changes in the environment, such as a threat or an injury, and prepares the body for a fight-or-flight reaction. Consequently a number of physiological changes are initiated, including changes in heart rate and increase in sweat secretion (Kandel, Schwartz, & Jessell, 2000) . The conductance of the skin gradually increases with self-reported emotional arousal (Lang, Greenwald, Bradley, & Hamm, 1993) .
Current literature on wind turbine opposition is limited because it relies on data from questionnaires and interviews, which are often influenced by factors beyond the emotional response itself, such as beliefs about the efficiency of this technology (Krohn & Damborg, 1999) . Differences between reported and felt emotions could arise, on the one hand, when questionnaires are answered by individuals who are directly affected by an upcoming installation, where responses may be more goal-directed. On the other hand, Jones and Eiser's (2009, 2010) data on the difference between general attitudes and specific attitudes to wind farms closer to home suggest that attitudes reflected in questionnaires and interviews may change when people are confronted with a wind turbine environment. Here we propose a novel method for assessing to assess attitudes to wind turbines. Skin conductance changes are not under voluntary control and therefore could provide an objective index of the emotional reaction (Smith & Ellsworth, 1985) . To date, no study has used a psychophysiological approach to quantify objectively the intensity of emotions associated with the visual impact of wind turbines; this was the goal of the current experiment.
The current study investigated physiological responses to pictures of wind turbines against a range of rural scenes. Looking at pictures is very different from experiencing events, but their symbolic threat is sufficient to trigger an emotional arousal response and a concomitant sympathetic reaction, including skin conductance responses (SCRs) ( Nevertheless blade rotations may be assumed by viewers such that any assessed impacts may provide a reasonable indication of operating turbines. Still images also do not capture the noise produced by turbines, which also contributes to wind turbine opposition (Knopper et al., 2014 ).
However, this soundscape aspect has already been well researched (Fiumicelli, 2011) and it has been found that visual aspects affect noise perception of wind turbines .
We hypothesised that landscapes with wind turbine will generate stronger SCRs than control sceneries, but lower SCRs than aversive pictures selected to evoke negative emotions (e.g. war scenes, bee sting). Churches were chosen as control images because, like turbines, they are prominent, man-made environmental stimuli, but unlike turbines, they are familiar, usually not controversial, and have been shown to have little or no detrimental effect on the tranquillity of the countryside (Pheasant, Watts & Horoshenkov, 2009 ). Other familiar, man-made environmental stimuli associated with energy production were used as additional controls. We distinguished between participants who were for and against wind turbines with a novel questionnaire, and further hypothesised that wind turbines would be associated with stronger SCRs than control sceneries, and that this difference would be stronger for opponents.
We also collected subjective self-report data on participants' emotional arousal and the valence of these emotions. Valence ratings are important because SCRs and arousal ratings do not reflect the degree of pleasure or displeasure associated with viewing pictures (Bradley, Cuthbert, & Lang, 1990) . We hypothesized that turbines will be rated as more arousing and more negative than control images and that this effect will grow for opponents.
Methods

Participants
60 University of Manchester undergraduate students (54 female, 6 male) aged 18 -35 (mean age M=20.67, standard deviation SD=2.92) completed the online questionnaire for course credits. Respondents were ranked by their degree of wind turbine support. 30 participants with the higher and lower scores were classified as supporters or non-supporters and invited to participate in the subsequent laboratory study for course credits or reimbursement (£7). 23 took part and 21 completed the study, one was excluded because of a skin condition and one because of a fire alarm. The study was approved by the local Research Ethics Committee and participants gave written informed consent. All participants were fluent English speakers, had normal or corrected-to-normal vision and no history of mental illnesses or neurological problems.
Materials
Wind attitude questionnaire. A new questionnaire consisting of nine wind turbine related questions and six more general questions (asking about other energy sources, churches or pylons) was constructed (see Table 1 ). Five questions directly assessed attitudes towards wind turbines.
Because there is evidence for a relationship between environmental protection priorities and wallet, a slug, a broken mobile phone, a nail scratching a blackboard, a bee sting, a person slipping on ice, people holding guns, a man pointing a gun to a child, a woman in distress and an injured baby in hospital. All images are available upon request.
Rating-scales.
Valence and arousal were rated on a 9-point scale using the SelfAssessment Manikin (SAM) scale (Bradley & Lang, 1994) , a widely used rating scale that uses figures to allow participants to indicate how they feel on these dimensions; for example, valence is rated using figures with an upturned mouth (happy), a straight mouth (neutral), to a downturned mouth (unhappy, Figure 2 ). Ratings of tranquillity on a 0 to 10 scale (Watts & Pheasant, 2013) were also obtained and will be reported separately (Watts, Maehr & Talmi, in preparation). Mood was measured using three 9-point Likert scales which covered the dimensions happiness (ranging from happy to unhappy), anxiety (ranging from anxious to calm) and despondency (ranging from despondent to cheerful). Mood ratings were introduced to ensure participants were not unduly distressed by the aversive pictures, and data from them was not analysed further.
Apparatus.
Skin conductance response measurements were recorded using a constant voltage system (0.5Volts) and Ag/AgCl cup electrodes with a 10mm diameter, both manufactured in-house.
Measurements were recorded with a 1401 plus data acquisition system (Cambridge Electronic Designs, Cambridge, UK) and digitized using Spike2 software (Cambridge Electronic Designs, Cambridge, UK). Temperature and humidity in the laboratory were recorded and ranged between 21 and 24 degrees Celsius and 28% and 40%, respectively.
Procedure
Participants in the initial Questionnaire study signed up for the study using the University's sign-up system and completed the questions online. Laboratory study participants were tested individually in a quiet room by an experimenter (the first author) who did not know them personally and was blind to their attitude towards wind turbines. After giving written consent, the electrodes were filled with a water-based gel and affixed to the ventral portion, middle phalanx of digits 2 and 4 of the left hand of each participant. Participants were asked to place their arm on an arm rest and to keep it still throughout the experiment. They were then given instructions on how to rate valence, arousal and tranquillity, and practiced rating five practice pictures. To minimize movement artefact in the SCR measurement participants gave their rating by pointing to the relevant location on a printed copy of the scales, located next to their right hand; these responses were recorded by the experimenter who sat next to the participant for the duration of the experiment. The light was then switched off and the 50 pictures were presented in a pseudorandomized order, with no more than 2 pictures from the same condition appearing consecutively. Participants were instructed to look at the picture the entire time it was displayed. Figure 2 describes schematically what a single step of picture viewing and ratings looked like. To prevent fatigue a break of self-determined duration was given in the middle of the sequence. Participants filled out the mood rating before and after the experiment; no participant reported a marked change in mood.
Results
Questionnaire study
The 9 items in the questionnaire were originally generated to assess attitudes to wind farms and wind power along with one question each on knowledge of renewable energy and concern about the environment (see Table 1 ). Responses on the questionnaire were translated into numbers, whereby high numbers stand for high wind turbine support. Table 2 provides descriptive statistics for these items. Exploratory factor analysis was initially carried out on the responses to these original items. Inspection of the scree plot and eigenvalues in the exploratory factor analysis (Figure 3) indicated that a three factor solution was appropriate. Confirmatory factor analysis (a principle component analysis with direct oblimin rotation; the same results were obtained with varimax rotation) was then carried out. Inspection of the items loading on each factor showed that only one of the three factors was interpretable. This factor had three items with loadings above 0.70. These items were "I find the appearance of wind farms within a landscape acceptable", "I would be concerned if a wind turbine would be built in my neighbourhood [reverse coded]" and "wind turbines spoil the views in many rural areas [reverse coded]". This factor was therefore considered to measure attitudes to wind farms in the landscape with good face validity. Split half reliability was acceptable for this small sample size with Cronbach's alpha of.68. The remaining two factors were not interpretable as the items loading on these factors did not appear to relate to identifiable underlying concept/latent variable.
The average of the wind attitude score (M=3.35, SD=1.05) indicated a slightly favourable attitude towards wind turbines in our sample. Table 2 Participants above the median wind attitude score (Median=3.33) were deemed 'supporters' and those below this score were deemed 'non-supporters'. The wind attitude scores of 11 supporters (M=4.42, SD=.12) and 10 non-supporters (M=2.5, SD=.19) who participated in the laboratory study differed significantly from each other as evident in a significant student ttest, t(17) = 8.43, where the probability that the null hypothesis is true (p-value, or simply p) was smaller than .001. The effect size (d) of this comparison equalled 3.87, a large effect according to Cohen's classification scheme (Cohen, 1988 ).
Laboratory study
SCR was defined as the difference between the lowest and highest conductance value 
Discussion
The method of assessment of emotional response has proved successful with the selfassessment manikin scales (SAM) being particularly easy to use, evident in highly reliable ratings as reported by Bradley and Lang (1994) . The ratings of emotional intensity and valence showed that wind turbines were not judged particularly poorly compared with more familiar industrial constructions such as pylons and power plants. In fact this sample of respondents judged power plants and pylons as less pleasant than turbines, and power plants as also more arousing than turbines. Physiological arousal measurements did not differentiate between these constructions. Compared to churches turbines were rated as similarly pleasant but they were associated with stronger physiological arousal. As expected, the aversive control stimuli produced much more negative reactions both in terms of self-report and SCRs. There are currently no established instruments to assess attitudes towards wind turbines.
Our questionnaire represents work in progress, and yielded some items that measured this variable with acceptable reliability and validity. There were small differences between supporters and non-supporters in the expected direction: supporters had more positive feelings towards turbines than non-supporters. However, this held true for all the scene types. It is possible that non-supporters are more sensitive to man-made additions to the landscape than supporters, perhaps reflecting a more general disposition towards preserving natural beauty in the countryside. Alternatively, their opposition to turbines may have influenced their mood overall, explaining why they also rated the aversive pictures as more aversive than supporters. Clearly, another avenue for extending this research is to include more opinionated participants, such as those who live in affected rural areas. It would be interesting to check whether the reliability of the self-reported emotions is reduced when such participants are included in the sample.
We have already discussed how the small, unrepresentative sample, which consisted mainly of individuals who were not personally affected by wind turbine technology. Moreover, It is considered that this structured and unbiased method of collecting data on the response to the visual impact of a proposed wind farm based on the protocol developed within this paper would lead to improved decision making and better outcomes. This needs to be tested of course and could form a further phase of the study.
Conclusions
To date, no study has used a psychophysiological approach to quantify objectively the intensity of emotions associated with the visual impact of wind turbines. We show that landscape pictures elicited measureable skin conductance response. Crucially, our participant sample rated wind turbines images to be as pleasant but less calming than churches, and more pleasant than other energy-production facilities. Compared to wind turbines, our sample rated pylons and power plants as significantly less pleasant, and power plants as more arousing. Putting the visual impact of these pictures in perspective, truly aversive pictures, such as a war scene or a bee sting, elicited a significantly stronger physiological arousal and were rated as less pleasant and more arousing. These pictures were associated with valence, arousal and SCR responses that were twice the intensity of the response to wind turbines. Several limitations of our sample should be acknowledged in interpreting these effects. First, our sample was small, and we may not have had sufficient power to detect subtle differences in ratings. Although we had sufficient power to detect a number of differences, the danger of both false negatives and false positives is real with such a small sample. Second, our preliminary study was conducted on a sample of students from a single university in the UK. Importantly, we do know how much exposure our sample had to wind turbines or other man-made constructions in the landscape. How the findings generalise to other members of the population or to other geographical location awaits further research. To be able to make policy recommendations future work should include a representative sample of the population.
There were only small differences in the responses of supporters and non-supporters of wind turbines and only the difference in valence ratings reached significance. The small sample size cautions against drawing firm conclusions from these null effects; instead, this study should be seen as a feasibility study helping establish a new methodology that could be used to assess the feelings of the general public about wind turbines.
Based on the successful methodology adopted in this study it is proposed that the approach could, with some adjustments, be used to assess the visual impact of wind turbines at the consultation stage of a new planning application. This would involve the comparison of suitably modified photographs of the proposed wind turbines before and after installation. The photographs we used were appropriate for a UK context, but would need to be adjusted for use in other countries. The self-assessment manikin rating scales could then be used to gather assessments of visual impact from the population likely to be most affected by the turbines.
Ratings of pleasantness and calmness under the two conditions would then be used to assess the visual impact of proposed wind turbines. It is considered this has advantages over current methods which rely on an imagined scene without an easy-to-use rating scale.
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